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The software can also be used after surgical fixation of the
fixation frame and struts to the deformed bone.
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SOFTWARE FOR USE WITH DEFORMITY
CORRECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 16/218.778, filed Dec. 13, 2018, which 1s a

continuation of U.S. patent application Ser. No. 15/6277,900,
filed Jun. 20, 2017 and 1ssued as U.S. Pat. No. 10,194,944,

which 1s a continuation of U.S. patent application Ser. No.
14/926,576, filed Oct. 29, 2015 and 1ssued as U.S. Pat. No.
9,724,129, which 1s a continuation of U.S. patent application

Ser. No. 13/770,056, filed Feb. 19, 2013 and 1ssued as U.S.
Pat. No. 9,204,937, the disclosures of which are 1ncorpo-
rated by reference herein.

FIELD OF THE INVENTION

The present disclosure relates to software used 1n plan-
ning the correction of bone deformities preoperatively or
postoperatively, and 1n particular relates to virtually manipu-
lating rings and struts of an external fixation frame 1n order
to plan the steps for making a desired correction to two or
more bone portions of a patient.

BACKGROUND OF THE INVENTION

Currently, external fixation systems may be used to cor-
rect skeletal deformities using the distraction osteogenesis
process, for example. The Ilizarov external fixation device
(or similar system) may be used for such a purpose. The
Ilizarov-type devices generally translate bone segments by
manipulating the position of rings connected to each bone
segment.

These external fixation devices generally utilize threaded
rods fixated to through-holes 1n the rings to build the frame.
In order to build the desired frame, these rods generally have
to have different lengths.

Once the frame 1s 1nstalled, the patient or surgeon moves
the rings or percutancous fixation components manually or
mechanically by adjusting a series of nuts.

As fixation devices become more complex, the task of
determining the optimal lengths and positions of the struts
with respect to rings of the fixation frame, as well as creating,
a correction plan for manipulating the struts to correct the
bone deformity, becomes more difficult.

The 1ncreasing difliculty of these determinations
decreases the attractiveness of using complex {fixation
frames. It would be advantageous to have an at least partially
automated method for determining the optimal configuration
of a fixation frame 1n reference to a deformed bone, as well
as a correction plan for manipulating the fixation frame to
correct the bone deformity.

BRIEF SUMMARY OF THE INVENTION

In one embodiment of the invention, a method of gener-
ating a correction plan for correcting a deformed bone
includes displaying on a visual medium a first model of the
deformed bone in a first plane, the first model of the
deformed bone having a position and orientation on the
visual medium. A model bone having a first configuration 1s
overlaid on the first model of the deformed bone 1n the first
plane and a position and orientation of the model bone 1s
manipulated 1nto a second configuration being substantially
similar to the position and orientation of the first model of
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2

the deformed bone 1n the first plane. A second model of the
deformed bone 1s displayed on the wvisual medium 1n a
second plane, the second model of the deformed bone
having a position and orientation on the visual medium. The
model bone in the second configuration 1s overlaid on the
second model of the deformed bone 1n the second plane and
the position and orientation of the model bone 1s manipu-
lated 1nto a third configuration being substantially similar to
the position and orientation of the second model of the
deformed bone 1n the second plane. The model bone 1n the
third configuration 1s projected onto a three dimensional
axis. A model of first and second fixation rings 1s and
positional data corresponding to a position and orientation of
the models of the first and second fixation rings with respect
to the three dimensional axis 1s displayed. The positional
data corresponding to the models of the first and second
fixation rings 1s manipulated until the first and second model
fixation rings are each 1n a desired position relative to the
model bone in the third configuration.

The first model of the deformed bone may be an x-ray
image displayed on the visual medium 1n an anterior-
posterior view, while the second model of the deformed
bone may be an x-ray image displayed on the visual medium
in a lateral view.

Positional data corresponding to the position and orien-
tation of the model bone with respect to the three dimen-
sional axis may be displayed on the visual medium. The
model bone may have a plurality of portions and the
positional data corresponding to the model bone may
include coordinate locations and angular orientations of at
least one of the plurality of portions of the model bone on the
three dimensional axis. The step of manipulating the posi-
tion and orientation of the model bone may include one of
entering numerical values mto an mput box and moving a
slide-bar corresponding to the numerical values.

The step of manipulating the position and orientation of
the model bone may include changing the position and
orientation of the model bone 1n an anterior-posterior plane,
a lateral plane, and an axial plane. Changing the position and
orientation of the model bone 1n the anterior-posterior plane,
the lateral plane, and the axial plane may each include
changing at least one of a translation or angulation value.

Combinations of sizes ol a plurality of model struts to
connect the models of the first and second fixation rings may
be determined with an algorithm using the positional data
corresponding to the desired position of the models of the
first and second fixation rings. One of the combinations of
s1zes of the plurality of model struts may be selected. The
correction plan may be determined with an algorithm using
the manipulated position and orientation of the model bone
in the third configuration, the positional data corresponding
to the desired position of the models of the first and second
fixation rings, and the selected combinations of sizes of the
plurality of model struts. The correction plan describes
length adjustments that should be made to the plurality of
model struts over a period of time. The correction plan
results 1n length adjustments made to the plurality of model
struts such that the models of the first and second fixation
rings are 1n corrected positions.

In another embodiment of the invention, a method of
generating a correction plan for correcting a deformed bone
includes the step of displaying on a visual medium a {first
model of the deformed bone 1n a first plane, the first model
of the deformed bone having a position and orientation on
the visual medium. A model bone having a first configura-
tion 1s overlaid on the first model of the deformed bone 1n
the first plane and a position and orientation of the model
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bone 1s manipulated into a second configuration being
substantially similar to the position and orientation of the
first model of the deformed bone in the first plane. A second
model of the deformed bone 1s displayed on the visual
medium 1 a second plane, the second model of the
deformed bone having a position and orientation on the
visual medium. The model bone 1n the second configuration
1s overlaid on the second model of the deformed bone 1n the
second plane and the position and orientation of the model
bone 1s manipulated into a third configuration being sub-
stantially similar to the position and onentation of the
second model of the deformed bone 1n the second plane. The
model bone 1s projected in the third configuration onto a
three dimensional axis. A model of a first fixation ring
having a first configuration and positional data correspond-
ing to a position and orientation of the model of the first
fixation ring with respect to the three dimensional axis 1s
displayed. The positional data corresponding to the position
and orientation of the model of the first fixation ring 1is
manipulated into a second configuration relative to the
model bone being substantially similar to a position and
orientation of a first fixation ring relative to the deformed
bone.

The first model of the deformed bone may be an x-ray
image displayed on the visual medium 1n an anterior-
posterior view, and the second model of the deformed bone
may be an x-ray image displayed on the visual medium 1n a
lateral view.

Positional data corresponding to the position and orien-
tation of the model bone with respect to the three dimen-
sional axis 1s displayed on the visual medium. The model
bone has a plurality of portions and the positional data
corresponding to the model bone includes coordinate loca-
tions and angular orientations of at least one of the plurality
of portions of the model bone on the three dimensional axis.

The step of manipulating the position and orientation of
the model bone 1ncludes one of entering numerical values
into an mput box and moving a slide-bar corresponding to
the numerical values. The step of manipulating the position
and orientation of the model bone includes changing the
position and orientation of the model bone 1n an anterior-
posterior plane, a lateral plane, and an axial plane. Changing
the position and orientation of the model bone in the
anterior-posterior plane, the lateral plane, and the axial plane
cach includes changing at least one of a translation or
angulation value.

A plurality of model struts having a first configuration and
positional data corresponding to a position and orientation of
the plurality of model struts in relation to the model of the
first fixation ring are displayed on the visual medium. The
positional data corresponding to the position and orientation
of the plurality of model struts 1s manipulated into a second
configuration relative to the model of the first fixation ring
being substantially similar to a position and orientation of a
plurality of struts relative to the first fixation ring. A position
and orientation of a second model fixation ring 1s deter-
mined, wherein the positional data of the second model
fixation ring relative to the model bone 1s substantially
similar to a position and orientation of a second fixation ring
relative to the deformed bone.

The correction plan 1s determined with an algorithm using
the manipulated position and orientation of the model bone
in the third configuration, the manipulated positional data
corresponding to the first model fixation ring, and the
manipulated positional data corresponding to the plurality of
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4

model struts. The correction plan describes length adjust-
ments that should be made to the plurality of model struts
over a period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a login screen of a deformity correction
application.

FIG. 2 illustrates a home page screen of a deformity
correction application.

FIG. 3 1illustrates a case details screen of a deformity
correction application.

FIG. 4 illustrates an 1mage manipulation function of a
deformity correction application.

FIG. § illustrates a deformity definition function of a
deformity correction application.

FIG. 6 illustrates an alternate deformity definition func-
tion of a deformity correction application.

FIG. 7 1llustrates a first ring configuration screen of a
deformity correction application.

FIG. 8 illustrates a second ring configuration screen of a
pre-operative mode of a deformity correction application.

FIG. 9 illustrates a first strut configuration screen of a
pre-operative mode of a deformity correction application.

FIG. 10 illustrates a second strut configuration screen of
a pre-operative mode of a deformity correction application.

FIG. 11 illustrates a limiting anatomical factor input
screen of a deformity correction application.

FIG. 12 illustrates a correction plan generation screen of
a deformity correction application during the generation of
a correction plan.

FIG. 13 1llustrates a correction plan generation screen of
a deformity correction application displaying the correction
plan.

FIG. 14 1llustrates a study report screen of a deformity
correction application.

FIG. 15 illustrates a smart tool screen of a deformity
correction application.

FIG. 16 1llustrates a second ring configuration screen of a
post-operative mode of a deformity correction application.

FIG. 17 1llustrates a strut configuration screen of a post-
operative mode of a deformity correction application.

FIG. 18 illustrates an existing case screen of a deformity
correction application.

DETAILED DESCRIPTION

In one embodiment of the invention, software aids a user,
such as a physician, surgeon, or other medical personnel, 1n
planning and carrying out the correction of a bone deformity
using a limb reconstruction frame using a web application,
for example.

As shown in FIG. 1, upon starting the application, the user
1s presented with a login screen 102. The login screen 102
preferably includes a username field 104 and password field
106 1n which the user enters, respectively, a username and
password to gain further access to the application. This step
ol authentication may, for example, help maintain compli-
ance with patient privacy regulations. In cases where a {first
time user tries to gain further access to the application, a new
user account will have to be created.

As shown 1n FIG. 2, upon logging 1n, the user 1s taken to
the home page 110 (FIG. 2). From the home page 110, the
user has the option of starting a new case by choosing the
new case option 112, or choosing an existing case by, for
example, searching for an existing case using keywords or
case number 1dentifiers or choosing from a list of existing
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cases 114. Each listed case imncludes summary imnformation of
the case, such as case numbers, patient names, relevant
anatomy to be corrected, and dates that the case was created
and/or last modified. The mnitial list of displayed existing
cases 114 can, for example, display the most recent cases
viewed by the user. For existing cases, the user also has the
option to share the case with another user. For example, a
physician can choose the case sharing option to send the case
information to another physician using the software. This
might be usetul, for example, 1f the first physician wants
advice from a second physician on the case, or if the first
physician believes his case will be helpful to a second
physician handling a similar case.

A user chooses the new case option for a patient whose
information has not yet been entered into the software.
When a user selects the new case option 112, the user 1s
brought to a case details screen 120 (FIG. 3). At the case
details screen 120, the user has the option of entering,
viewing, or modilying patient details such as the patient’s
name, gender, race, date of birth, anatomy relevant to the
case, and notes as the user sees fit. The user 1s presented with
a preview of uploaded X-ray images 201 11 any have been
uploaded. If no X-ray images 201 have been uploaded, the
user can upload 1images, for example one X-ray image of the
deformed bone in the anterior-posterior (“AP”’) plane and
one X-ray 1image of the deformed bone in the lateral plane.
These X-ray images 201, if used, may help the user to define
the bone deformity, described more tully below. To upload
an X-ray mmage 201, the user chooses the “choose file”
option and 1s able to import the desired 1image file from a
memory device, such as a flash drive. Prior to uploading, the
user also provides details relating to the image 201, such as
the view (e.g. lateral plane) in which the image was taken.
Upon selecting the anatomy within the patient details (e.g.
right or left side, femur, tibia, humerus, radius), the user can
proceed to define the deformity.

A deformity definition screen 200 (FIGS. 4-5) within the
application presents a model bone 202. The deformity
definition screen 200 includes an 1mage manipulation func-
tion and a deformity defimition function. In the image
manipulation function, shown in FIG. 4, the application
presents a model bone 202 overlaid on an X-ray image 201
previously uploaded on the case details screen 120. The
model bone 202 1s chosen based on input of the relevant
anatomy (e.g. left femur) from the case details screen 120,
and 1s mitially presented 1n a non-deformed state. The model
bone 202 1s presented in the same plane which the user
defined for the X-ray image 201. The image manipulation
tfunction allows the user to manipulate the X-ray image 201,
for example by rotating, zooming, or repositioning the
image. The user can also manipulate the transparency of the
X-ray 1mage 201 as desired for the best view of the model
bone 202 1n relation to the X-ray image. The user manipu-
lates the X-ray image 201 with the goal of generally match-
ing the size and position of the bone shown in the X-ray
image with the model bone 202 displayed on the deformity
definition screen 200. The image 201 will often require
manipulation because X-ray images, along with the actual
bones being imaged, may vary 1n si1ze and the 1nitial position
of the uploaded image may not align with the position of the
model bone 202. Once the user 1s satisiied that the model
bone 202 generally corresponds to the size and position of
the X-ray 1mage 201, the user can choose to begin the
deformity definition function. This step can be repeated for
cach X-ray image 201. For example, i a user uploads one
X-ray image 201 in each of the AP and lateral planes, two
separate 1mage mampulations could be performed.
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The deformity definition function of the deformity defi-
nition screen 200 1s illustrated 1n FIG. 5. The manipulated
X-ray 1mage 201 1s displayed in the background with the
model bone 202 in the foreground. The model bone 202
includes a plurality of portions, including a proximal portion
204 and a distal portion 206. A panel, to the right of the
model bone 202 as illustrated in FIG. 5, allows the user to
enter parameters relating to geometry of the deformed bone
to modity the bone model 202 to approximate the actual
bone deformity.

To start, the user designates a reference bone fragment, for
example either the proximal portion 204 or distal portion
206. The reference fragment, as depicted in FIG. 5, remains
aligned with the vertical axis during manmipulation of the
bone model 202, with the non-reference fragment changing
position, with respect to the reference fragment, based on
user mput. The user mputs values for translation and angu-
lation of the non-reference fragment with respect to the
reference fragment in one or more of the AP plane, the
lateral plane, and the axial plane. The user can input this data
by, for example, entering the numerical value of translation
(for example in millimeters) and/or angulation (for example
in degrees) of the non-reference fragment with respect to the
reference fragment 1n any of the desired planes. The user
may alternately or additionally change the translation and/or
angulation values using a slide-bar function in which sliding
a bar 1n one direction decreases the value of the relevant
parameter while sliding the bar in the other direction
increases the value.

The user can also 1mput a value for the deformity apex and
the position of the osteotomy along the length of the model
bone 202. In FIG. 5, the deformity apex would be the point
at which a line through the center of the proximal portion
204 intersects with the distal portion 206. A change to the
deformity apex value would be visualized in FIG. 5 as a
change in the location at which the angled deformity of the
proximal portion 204 1s seen. The osteotomy plane, as seen
in FIG. 5, 1s the location of the separation between the
proximal portion 204 and the distal portion 206.

As the user enters or changes the above-mentioned val-
ues, the graphical representation of the non-reference bone
portion will change to retlect the new values. The change 1n
the position of the model bone 202 against the backdrop of
the X-ray image 201 allows the user to obtain visual
confirmation that the parameters applied to the model bone
accurately represent the parameters of the deformed bone.
This step may be performed using more than one X-ray
image 201, or without any X-ray images, as described
below. When using multiple X-ray images 201, each can be
viewed while setting values for the deformity. For example,
a user may view the model bone 202 against an X-ray image
201 1n the AP plane while setting values for the deformity 1n
the AP plane, and then switch to a view of the model bone
202 against an X-ray image 201 in the lateral plane while
setting values for the deformity 1n the lateral plane.

X-ray 1mages 201 are not a necessary part of the defor-
mity definition step. For example, in addition or as an
alternative to using X-ray images 201, the user can perform
the same model bone 202 manipulations without the back-
drop of an X-ray image. As seen 1 FIG. 6, a deformaity
definition screen 200 presents a model bone 202 simultane-
ously 1n the AP, lateral, and axial planes, as well as a
perspective view. One or more combinations of views,
including additional views not specifically 1identified herein,
may be used and 1s largely a matter of design choice. Similar
to the process described with reference to FIG. 5, the user
enters values corresponding to the position and orientation
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of the non-reference fragment (distal portion 206 as 1llus-
trated 1n FIG. 6) 1n the AP plane, the lateral plane, and the
axial plane. The use may also enter or change a value for the
osteotomy plane and the deformity apex (deformity apex
option not 1llustrated 1n FI1G. 6), largely 1in the same manner
as described with reference to FIG. 5.

For each value entered, the user can select a correspond-
ing direction from a drop down menu. For example, the user
can enter a 20 mm translation 1n the AP plane, and assign
that value either a medial or lateral direction. Alternatively,
the value can be a positive or negative value, with one
direction assigned to positive values and the opposite direc-
tion assigned to negative values (e.g. 20 mm corresponding,
to a 20 mm medial translation and —20 mm corresponding to
a 20 mm lateral translation). Similar to the method described
with reference to FIG. 5, the user can directly enter numerti-
cal values based on experience or previous measurements of
the bone deformity. In addition or as an alternative, the user
can change the position of the slide bars corresponding to the
non-reference bone parameters to reach a final value that
accurately represents the geometry of the bone deformity.

Once the user 1s satisiied that the model bone 202 1s an
accurate representation of the deformed bone, the user can
proceed to the first ring configuration screen 250 (FIG. 7).
The first ring configuration screen 250 allows the user to
choose to continue in either a pre-operative (“pre-op”) or
post-operative (“post-op”) mode by selecting the respective
radio button. Generally speaking, the pre-op mode 1s used
prior to the surgical fixation of the limb reconstruction
device to the deformed bone. The post-op mode 1s to be used
alter the limb reconstruction device, with associated rings
and struts, has already been aflixed to the patient. In a single
case, the pre-op mode can be used alone, the post-op mode
can be used alone, or each mode can be used prior to and
tollowing surgery, respectively.

If the pre-op mode 1s selected, the user can continue to a
pre-op ring configuration screen 300 (FIG. 8). At this point,
the user mnputs the size of the desired rings, including a
reference ring 305 and a moving ring 310. For example, a
user may be able to choose between a 155 mm, 180 mm, or
210 mm ring. The user may also be able to choose the type
of ring, such as a full nng or partial ring. Difierent types of
rings are known 1n the art and the inclusion of diflerent rings
as options 1n the software 1s largely a matter of design
choice.

The rings 305, 310 are displayed along with the model
bone 202 on the screen, preferably in an AP view, a lateral
view, and an axial view. Additional views, such as a per-
spective view, may be included. The position and orientation
of the proximal portion 204 and distal portion 206 of the
model bone 202 are based on the mnput received during the
deformity definition stage.

Once a size and/or type of ring 1s selected for the
reference ring, it 1s displayed perpendicular to the reference
fragment with a longitudinal axis of the reference fragment
extending through the center of the reference ring. Similarly,
once a size and/or type of ring 1s selected for the moving
ring, 1t 1s displayed perpendicular to the non-reference
fragment with a longitudinal axis of the non-reference
fragment extending through the center of the moving ring.
Similar to the deformity definition screen 200, the user
enters position and orientation values for the reference ring
305 and the moving ring 310. For the rings, the user can
directly enter the values, or move a slide-bar corresponding
to the values to scroll through a range of values. Because this
1s the pre-op mode and no fixation device has yet been
attached to the patient, the user chooses the ring sizes,
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positions and orientations that he believes will be effective
for the correction based, for example, on his experience and
knowledge.

As the values are entered, or as the slide-bar 1s moved, the
graphical representation of the rings changes to retflect the
new values. For the reference ring 303, the position values
include an AP offset, a lateral offset, an axial offset, and an
axial angle. The moving ring 310 includes these values, and
additionally includes an AP angle and a lateral angle. Once
the user 1s satisfied that the reference ring 305 and moving
ring 310 are at locations on the model bone 202 represen-
tative of where the actual rings should be located on the
patient’s deformed bone, the user can proceed to the first
strut configuration screen 350. The software may also pro-
vide maximum and minimum values for the placement and
orientation of the reference ring 305 and moving ring 310,
based, for example, on the feasibility of actually achieving
those values in the operating room. These limits would help
ensure that the planned values for the ring positions input by
the user can likely be achieved during surgery on the patient.

The first strut configuration screen 350 allows the user to
initiate an automatic calculation of possible strut combina-
tions to connect the reference ring 305 to the moving ring
310 (FIG. 9). Once the calculation 1s complete, the user 1s
presented with the second strut configuration screen 400 that
displays at least one possible strut combination, and prei-
erably more than one (FIG. 10). The possible strut combi-
nations 410 are presented i1n a table with a description of
cach strut 1n a particular combination. The model bone 202
and rings 305, 310 are displayed 1n an AP view, a lateral
view and an axial view. Additional views such as a perspec-
tive view can be included. This display 1s based on values
entered during the deformity definition and ring configura-
tion steps. Additionally, the struts of a particular strut
combination 410 are displayed with the model bone and
rings. Fach strut combination 410 includes a radio button.

When the user selects a particular strut combination 410
by selecting the corresponding radio button, the views
update to show that particular strut combination. An optimal
strut combination 1s highlighted among all the strut combi-
nations 410 to suggest to the user a particularly desired
combination to select. Among other factors, the optimal strut
combination 1s based on the combination that will require
the least amount of strut change-outs during the correction
procedure.

In the pre-op mode, when a particular strut combination
410 1s selected, the orientation of each strut, including strut
length, strut angle, and base angle are displayed. After
selecting a desired strut combination 410, the user may
optionally choose to over-constrain the frame with an addi-
tional strut (not 1llustrated). For example, 1n a fixation frame
that uses three struts, a fourth strut could be added after the
three-strut combination 1s chosen. The fourth strut over-
constramns the fixation frame by increasing stiflness and
reducing play in the frame. The length, angle, and position
of the additional strut 1s provided by the software once the
option for the additional strut 1s chosen. Once the desired
strut combination 1s chosen, and any additional desired
struts are chosen, the user proceeds to a limiting anatomical
factor (“LAF”) mput screen 450.

The LAF mput screen 450 (FIG. 11) allows a user to input
a limiting anatomical factor (“LAF”) and to calculate a
minimum amount of time for the correction process. The
LAF 1s a reference point to which a user may want to set a
maximum distraction rate or velocity. For example, 11 a
segment of bone 1s to be moved a certain distance per day,
surrounding tissues will also be moved at the same rate. A
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user may want to limit the maximum rate of movement of
the bone or surrounding structures. Also of note 1s that
certain portions ol bone or tissue may move at different rates
for a given distraction rate. For example, as the distal portion
of the bone illustrated 1n FIG. 11 1s moved to align with the
proximal portion, a point on the distal portion of the bone
near the osteotomy plane will move at a lower rate than a
point on the distal portion of the bone farther away from the
osteotomy plane because of the angle.

The LAF may default to the center of a moving fragment,
one of the ends of the moving fragment, or anywhere else
desired. If a user desires a LAF location other than the
default location, he may change the location by changing the
AP, lateral, and axial ofiset values. By setting the LAF
location, a user may ensure that the maximum distraction
rate applies to the LAF location. This ensures that a user may
limi1t the maximum rate of movement of a particular portion
of the bone or surrounding tissue.

The views of the second strut configuration screen 400 are
displayed again on the LAF input screen 450. The user
inputs LAF values for the AP oflset, lateral offset, and axial
oflset. The user also enters a maximum distraction rate. The
maximum distraction rate may represent, for example, the
maximum, safest, or optimal amount of millimeters that the
length of a strut can increase or decrease i a day, for
example 1 mm/day. Based on the LAF input values and the
maximum distraction rate, the user can initiate a calculation
of the minimum amount of time 1t will take for the correction
of the patient’s deformed bone using the ring and strut
configurations chosen in the previous steps. If the user i1s
satisfied with the minimum correction time, he can move to
the next step of generating the correction plan. If he 1s not
satisfied, he can override the minimum correction time and
enter a different value, and then continue to the step of
generating the correction plan. For example, 1f the minimum
correction time 1s itially output as 10 days, but the user (or
a separate physician) will not be able to see the patient again
for 14 days, the user may override the correction time to a
value of 14 days. This potentially would allow for a more
gradual correction plan, which may be of benefit.

On the correction plan generation screen 500, the user
enters the date on which the user or patient will begin
adjusting the fixation mechanism according to the correction
plan. Once entered, the user commands the computer to
generate a correction plan (FIG. 12). Once calculated, the
correction plan 510 1s displayed on the correction screen 500
(FI1G. 13). The correction plan 510 can 1nclude, for example,
the position and angle of each strut of the limb reconstruc-
tion frame for each day of the correction, along with the date
and day number (e.g. first day, second day) of the correction
plan 510. When the software 1s determining the deformity
correction plan 510, an angle of the proximal portion of the
bone 204 1n relation to the distal portion of the bone 206 1s
utilized. In one embodiment, the software determines this
angle based on the midlines of the two bone portions 204,
206. In another embodiment, the user may nput the diam-
eter of the bone. With the value of diameter of the bone, the
soltware can base the value of the angle on the edges of the
two bone portions 204, 206. Utilizing the outer edges of the
bone portions 204, 206 provides for a more accurate cor-
rection plan 510.

The correction plan 510 may call for changing out one
strut for a strut of a larger or smaller size during the period
of correction. For example, a relatively small strut may be
mitially utilized between the reference and moving rings
305, 310. The angle and length of that small strut will be
adjusted over time. At a certain point, the correction plan
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510 may require to replace the relatively small strut with a
relatively large strut because, for example, the relatively
small strut may be close to reaching its maximum length.
The software may provide an option to the user of changing
out the relatively small strut or, instead, changing the point
of connection of the small strut. By changing the point or
points of connection of a strut, which may for example be a
hole 1n the reference ring 305 and a hole 1n the moving ring
310, the length and position limitations of the strut are
overcome. This option may be provided alternatively to
changing out struts, or in addition, and applies to struts of all
S1ZES.

The correction plan 510 may also show a relationship
between positions of the struts and discrete user or patient
actions. For example, 1f the correction plan 510 calls for a
strut to be lengthened by 1 millimeter on the first day, the
correction plan may indicate that the user or patient should
increase the length of that strut four separate times, for
example by 0.25 millimeters 1n the morming, 0.25 millime-
ters at noon, 0.25 millimeters 1n the evening and another
0.25 millimeters at night. Besides use as an instructional
tool, the correction plan 510 also aids a physician or surgeon
in monitoring the progress of the correction of the bone
deformity, for example by checking at periodic intervals that
the struts of the fixation frame are 1n the proper position as
called for by the correction plan. In addition to the correction
plan 510, the correction screen 300 may also include a
simulation 520 of the correction. The user can view the
simulation 520 to see what the progress of the correction
should look like. The simulation 520 allows the user to see
what the model bone, rings and struts will look like 1 one
or more views on each day of the correction plan 510 or with
cach discrete correction made as called for by the correction
plan. This helps the user ensure that the correction plan 510
1s appropriate for the given case, and further aids the user 1n
determining whether the correction is progressing according
to the plan, as the user can compare the model of what the
bone and fixation frame should look like to what the actual
patient’s bone and fixation frame look like on a given day.

The user has the option of viewing a report of all the
pertinent details of a specific case 1n the study report screen
600, as seen 1n FIG. 14. The study report screen 600 1s a
comprehensive report of the case and can include 1nforma-
tion such as case details, parameter of the deformity defi-
nition, parameters for LAF input, parameters for the ring and
strut configurations, and the complete correction plan,
including the schedule of when one or more struts should be
changed out for diflerent struts, iI necessary.

The user also has access to a smart tool screen 700 (FIG.
15). The smart tool screen 700 displays pertinent data for a
smart tool plan and provides an option to launch a smart tool
client to interface with the smart tool. Generally, a smart tool
may be used 1n conjunction with the fixation frame and
software described herein. The smart tool 1s an automated
tool that a patient uses to perform the corrective fixation
frame alterations described by the correction plan. For
example, the smart tool may include a motor that rotates
screws of the struts to lengthen the struts based on 1nstruc-
tions downloaded from the software, which instructions
correspond to the correction plan. The smart tool may limait
the patient from changing the lengths of the struts 1n a
manner other than described in the correction plan, and may
communicate with the software and the case physician to
reflect whether, or to what degree, the patient 1s following
the correction plan. Such a smart tool 1s described more tully
in U.S. application Ser. No. 13/167,101, the entire contents
of which are hereby incorporated by reference herein.
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As mentioned above, the application can be used 1 a
post-op mode 1n addition or as an alternative to the pre-op
mode. This mode can be used once the patient has already
undergone surgery to attach the fixation frame to the
deformed bone. The post-op mode can be used as an
alternative to the pre-op mode, for example 1n cases 1n which
time 1s limited and surgery must be performed without the
benefit of the planning provided in the pre-op mode
described above. Contrariwise, the pre-op mode may be
especially useful 1n cases of a congenital deformity or 1n
cases 1n which a deformaity 1s stable, where planning time 1s
available without risking the health of the patient.

In practice, the post-op mode should always be used,
regardless of whether the pre-op mode 1s used. Even 1if the
pre-op mode 1s used, a surgeon 1s likely to desire to confirm
that the placement of rings and struts in surgery actually
matches the pre-op plan.

In the post-op mode, the steps described above with
reference to the login screen 102, home page 110, case
details screen 120, and deformity definition screen 200 are
the same (FIGS. 1-6). At the first ring configuration screen
250, the user would choose the post-op mode 1nstead of the
pre-op mode to continue in the post-op mode.

After selecting the post-op mode, the user proceeds to a
post-op ring configuration screen 800 (FIG. 16). The user
enters the sizes of both the reference ring 305 and the
moving ring 310 as well as the position and orientation of
the reference ring. These values are based on the sizes of the
actual rings attached to the patient. For the reference ring,
the user follows the same procedure as described for the
pre-op ring configuration screen 300, either entering ring
position parameters directly into the corresponding fields or
by using a slide-bar to set the values. The user does not need
to enter the positions of the moving ring 310, however, as
this will be automatically determined during the next stages
based on the positions of the struts.

The user proceeds to the post-op strut configuration
screen 900 to enter the sizes and positions of the struts of the
fixation frame attached to the patient during surgery (FIG.
17). The mput values include the size of each strut, for
example small, standard or large, the length of each strut,
and the angle of each strut. The user may also have the
option to enter the position along each ring that each strut 1s
attached. For example, each ring may contain a plurality of
through-holes for attachment of the struts, and each strut
may be attached at recommended, predetermined through
holes. These recommended, predetermined attachment
through-holes are set as default attachment points in the
soltware. However, 11 the physician 1s unable or unwilling to
use the recommended, predetermined locations for strut
attachment, he has the option to attach the struts at any other
through-hole and the software can accommodate this modi-
fication. Again, these values are based on the actual fixation
frame attached to the patient during surgery. Once the values
are entered, the user can command the application to cal-
culate the position of the moving ring 310 based on the
position of the reference ring 305 and the struts. Once the
moving ring position 1s calculated, the position and orien-
tation fields for the AP, lateral, and axial axes populate with
the calculated values. Once calculated, views of the fixation
frame and model bone, for example AP, lateral, axial and
perspective views, also update to reflect the calculated
position and orientation of the moving ring. This provides
additional confirmation to the surgeon that the model accu-
rately represents the fixation frame of the case.

The remainder of the process from this point 1s the same
as described with reference to the pre-op mode (FIGS.
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12-15). The user advances through the LAF mput screen 450
by entering LAF values and a minimum distraction rate to
calculate a minimum correction time. The user then pro-
ceeds to the correction plan generation screen 500, enters the
start date for the correction, and 1nitiates the generation of a
correction plan. As described with reference to the pre-op
mode, the correction plan 510 and a simulation are then
displayed on the correction screen 500. Again, the user can
view a study report in the study report screen 600 and
interface with a smart tool using the smart tool screen 700.

While the above description relates to creating a new case,
the user may choose to open an existing case 1n the software
i one exists. After logging in, the user can choose an
existing case by, for example, searching for an existing case
or choosing from a list of existing cases 114 (FI1G. 2). After
opening the existing case, the user 1s taken to an existing
case screen 1000 (FIG. 18) that shows patient details and the
existing cases for the patient. From this screen, the user can
choose to open a particular study of interest, create a new
case lor the patient, or view a report of the case summary.
If the user opens the existing case, he 1s able to review or edit
the case using the procedures described above.

Although the invention herein has been described with
reference to particular embodiments, it 1s to be understood
that these embodiments are merely 1llustrative of the prin-
ciples and applications of the present invention. It 1s there-
fore to be understood that numerous modifications may be
made to the illustrative embodiments and that other arrange-
ments may be devised without departing from the spirit and
scope of the present mvention as defined by the appended
claims.

The mvention claimed 1s:
1. A method of generating a correction plan for correcting
a deformed bone of a patient comprising the steps of:

prior to generating the correction plan, coupling an exter-
nal fixation frame to the patient so that a proximal
fixation ring 1s coupled to a proximal fragment of the
deformed bone, a distal fixation ring 1s coupled to a
distal fragment of the deformed bone, and a plurality of
struts couple the proximal fixation ring to the distal
fixation ring;

displaying on a display device a first x-ray image of the
deformed bone 1n a first plane;

overlying a first proximal reference axis with a first
central axis of the proximal fragment of the deformed
bone 1n the first x-ray image on the display device so
that the first proximal reference axis i1s substantially
aligned with the first central axis of the proximal
fragment in the first x-ray 1mage;

overlying a first distal reference axis with a first central
ax1s of the distal fragment of the deformed bone in the
first x-ray 1mage on the display device so that the first
distal reference axis 1s substantially aligned with the
first central axis of the distal fragment in the first x-ray
1mage;

displaying on the display device a second x-ray image of
the deformed bone 1n a second plane;

overlying a second proximal reference axis with a second
central axis of the proximal fragment of the deformed
bone 1n the second x-ray 1mage on the display device so
that the second proximal reference axis 1s substantially
aligned with the second central axis of the proximal
fragment in the second x-ray image;

overlying a second distal reference axis with a second
central axis of the distal fragment of the deformed bone
in the second x-ray image on the display device so that
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the second distal reference axis 1s substantially aligned
with the second central axis of the distal fragment 1n the
second x-ray 1mage;

displaying a model of the proximal fixation ring on the
display device;

manipulating the model of the proximal fixation ring so
that a position and orentation of the model of the
proximal fixation ring corresponds to a position and
orientation of the proximal fixation ring coupled to the
proximal fragment of the deformed bone; and

generating the correction plan based at least in part on the
first and second proximal reference axes, the first and
second distal reference axes, and the position and
orientation of the model proximal fixation ring,

wherein the first proximal reference axis and the second
proximal reference axis are mnitially presented together
as part of a model bone 1n a non-deformed state which
1s later deformed by repositioning a distal portion of the
model bone relative to a proximal portion of the model
bone.

2. The method of claim 1, wherein the first proximal

reference axis 1s a longitudinal axis of the proximal portion

of the model bone 1n the first plane.
3. The method of claim 2, wherein the second proximal

reference axis 1s the longitudinal axis of the proximal
portion of the model bone 1n the second plane.

4. The method of claim 1, wherein the first distal reference
axis 1s a longitudinal axis of the distal portion of the model
bone 1n the first plane.

5. The method of claim 4, wherein the second distal
reference axis 1s the longitudinal axis of the distal portion of
the model bone 1n the second plane.

6. The method of claim 1, wherein overlying the first
proximal reference axis with the first central axis of the
proximal fragment of the deformed bone 1n the first x-ray
image on the display device 1s performed prior to overlying
the second proximal reference axis with the second central
axis of the proximal fragment of the deformed bone 1n the
second x-ray image on the display device.

7. The method of claim 1, wherein overlying the first
distal reference axis with the first central axis of the distal
fragment of the deformed bone 1n the first x-ray image on the
display device 1s performed prior to overlying the second
distal reference axis with the second central axis of the distal
fragment of the deformed bone 1n the second x-ray image on
the display device.

8. The method of claim 1, wherein the first central axis of
the proximal fragment 1n the first x-ray 1image on the display
device 1s maintained parallel to a vertical axis of the display
device.
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9. The method of claim 8, wherein the second central axis
of the proximal fragment 1n the second x-ray image on the
display device 1s maintained parallel to the vertical axis of
the display device.

10. The method of claim 1, wherein the step of overlying
the proximal reference axis with the axis of the proximal
fragment of the deformed bone 1n the first image on the
display device so that the proximal reference axis 1s sub-
stantially aligned with the axis of the proximal fragment
includes at least one of entering numerical values ito an
iput box and moving a slide-bar corresponding to numeri-
cal values.

11. The method of claim 1, wherein overlying the first
proximal reference axis with the first central axis of the
proximal fragment of the deformed bone 1n the first image
on the display device includes adjusting at least one of a
translation and an angulation of the first proximal reference
axis with respect to the first distal reference axis.

12. The method of claim 1, wherein the step of manipu-
lating the model of the proximal fixation ring further
includes changing at least one of the position and orientation
of the model of the proximal fixation ring with respect to a
model of the deformed bone displayed on the display device.

13. The method of claim 1, further comprising:

displaying a model of a distal fixation ring on the display

device; and

manipulating the model of the distal fixation ring so that
a position and orientation of the model of the distal
fixation ring corresponds to a position and orientation
of the distal fixation ring coupled to the distal fragment
of the deformed bone.

14. The method of claim 13, further comprising:

displaying on the display device a plurality of model

struts, each of the model struts having at least one of a
s1ze, position, and orientation corresponding to one of
the plurality of struts coupling the proximal fixation
ring to the distal fixation ring.

15. The method of claim 1, wherein overlying the first
proximal reference axis with the first central axis of the
proximal fragment of the deformed bone in the first image
on the display device 1s performed manually by a user via an
input device.

16. The method of claim 1, wherein the first plane of the
first X-ray 1mage 1s an anterior-posterior (“AP”) plane.

17. The method of claim 16, wherein the second plane of
the second x-ray image 1s a lateral plane.
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